Interoception involves the processing of a variety of different types of information ascending from the body. Accumulating evidence has indicated that interoception plays a fundamental role in cognitive and emotional processes, such as anxiety, but how different functional connectivity patterns contribute to emotions and visceral feelings during an interoceptive attention state is still unclear. In the present study, an interoceptive attention task was performed during functional magnetic resonance imaging of healthy subjects, and the participants' subjective ratings of the intensity of interoception and feelings of anxiety were recorded. Several network nodes were selected, based on previous studies, to construct task-dependent functional connectivity patterns, which were processed by support vector regression to predict the corresponding feeling scores. The results showed that for interoception, the cingulo-opercular task control network provided the greatest contribution, whereas the most important feature for anxiety was the connections between the sensorimotor area (SSM) and the salience network (SN). There existed four overlapping connections between the two predictions: two negative connections between the default mode network (DMN) and the SSM, one negative connection between the DMN and the SN, and one positive connection between the ventral attention network and the SN; this overlap might suggest common bodily attention processing that is involved in both interoception and anxiety. This study remediates the lack of network-level biomarkers of interoception and provides a reference at the level of the brain for further understanding anxiety from an interoceptive perspective.
| INTRODUCTION
Interoception refers to the ascending sensory inputs from the organs and systems within the body's internal milieu, which include but are not limited to signals of visceral function and both neuroimmune and neuroendocrine fluctuations (Kleckner et al., 2017) . The most recent psychological and neuroscientific studies have shown that the process of interoception is closely associated with emotion, attention, and decision making at both behavioral and brain levels (Barrett, 2017; A. D. B. Craig, 2009; Critchley & Garfinkel, 2017; Duquette, 2017; Medford & Critchley, 2010) . Although there is cumulative evidence indicating that the bilateral insula and the anterior cingulate cortex (ACC) are involved in both interoception and emotional experience (A. D. B. Craig, 2009; Garfinkel & Critchley, 2013; Uddin, 2015) , the mechanism of the large-scale functional connectivity involved in interoception is largely unclear. In addition, it is known that various emotions and emotion-related diseases are accompanied by changes in somatic experience and in states of interoceptive awareness (Adolfi et al., 2017; Avery et al., 2014; Dunn et al., 2010; Harshaw, 2015; Murphy, Catmur, & Bird, 2017; Paulus & Stein, 2010) , but whether the brain patterns of interoceptive awareness can predict the intensity of emotional experiences in a healthy sample is still unknown. The brain regions involved in interoception mainly include the bilateral insula and the ACC. According to currently theoretical models, signals from visceral organs ascend to the central nervous system, going through posterior insula to anterior insula to produce an integrated moment-by-moment representation of internal bodily states, which will be transmitted to ACC to modulate visceral movement and to prefrontal cortex to promote highlevel cognitive activities (A. D. B. Craig, 2009; Medford & Critchley, 2010) . Recently, a broader conception, namely, the "allostaticinteroception network", was raised based on the brains of nonhuman primates and humans (Kleckner et al., 2017) , extending researchers' perspective from the insula and the ACC to additional areas of the brain, including regions usually considered part of the default mode network (DMN).
Anxiety refers to a kind of inner uneasiness or unwarranted fear without obvious objective reasons, which can be triggered in the face of a potential threat (sometimes it can be somatic symptoms) and can also produce further somatic symptoms, such as restlessness, palpitation, difficulty breathing, and so forth (Amstadter, 2008; Hassan & Ali, 2011) . Anxiety is inextricably linked to feelings inside the body, and the rapid development of neuroscience and psychology has brought increased empirical knowledge regarding the relationship between anxiety and interoception. Using the heartbeat detection paradigm, which is the most common paradigm for human interoceptive research (Critchley, Wiens, Rotshtein, Ohman, & Dolan, 2004) , cumulative evidence has indicated that increased accuracy in interoception is associated with enhanced anxiety levels (Dunn et al., 2010) . In terms of neural mechanisms, the regions thought to be core substrates of interoception, namely, the bilateral insular cortex (especially the right anterior insula) and the ACC, are activated in many anxietyrelated mental activities (Etkin & Wager, 2007; Marek, Ben-Porath, Federici, Wisniewski, & Warren, 2013) . In clinical patients with anxiety disorders, including panic disorder, specific phobia, social anxiety disorder, posttraumatic stress disorder, and generalized anxiety disorder, abnormal activity in the insula and ACC has frequently been reported (Brooks & Stein, 2015; Duval, Javanbakht, & Liberzon, 2015; Paulus & Stein, 2010) . In studies of functional networks, the insula and ACC are usually assigned to two relatively independent functional networks: the salience network (SN, consisting of the ventral posterior insula and posterior ACC), which is associated with interoception and emotion, and the cingulo-opercular task control network (COTC; consisting of the dorsal anterior insula and ventral anterior ACC), which is responsible for transmitting interoception to the superior cortex to facilitate cognitive control (Adolfi et al., 2017; Menon & Uddin, 2010; Power et al., 2011; Seth, 2013; Simmons et al., 2013; Terasawa, Shibata, Moriguchi, & Umeda, 2013; Zaki, Davis, & Ochsner, 2012) . In addition to the SN and COTC, there may also be several other important networks involved in the common processes of interoception and anxiety. The sensorimotor area (SSM) is extensively connected to the insula (Kuehn, Mueller, Lohmann, & Schuetz-Bosbach, 2016) and is also frequently reported to be activated in several studies of interoception (Avery et al., 2015; Critchley, 2004; Simmons et al., 2013 ).
The DMN is also an essential network. A meta-analysis of anxiety has indicated that the regions usually considered part of the DMN, such as the posterior cingulate cortex, precuneus, and cuneus, are involved in anxious emotion (Brühl, Delsignore, Komossa, & Weidt, 2014) .
The ventral attention network (VAN) has been found to be associated with attentional trend and processing of emotional signal of anxiety (Sylvester et al., 2012; Viviani, 2013) ; besides, the insular cortex has also been previously associated with this network in that it supports the processing of negative emotions (Eckert et al., 2009 ), so it's reasonable to think that VAN might be related to both of interoception and anxiety. In an essential review of interoceptive systems by Kleckner et al. (2017) , the COTC, SN, and VAN were clustered into a common large-scale network, which supports the close relationship between that group of networks and interoceptive information processing. Based on the above, contemporary researchers have tended to believe that both interoceptive feelings and anxiety may involve not only regional brain activity but also the extensive participation of multiple brain functional networks.
In summary, neural mechanisms of anxiety and interoception processing may have many overlaps, intertwining with each other in a complex way; consequently, it is difficult to separate the importance of each brain functional module when using only the conventional method. Multivariate pattern analysis (MVPA) is an emerging method for using multivariable information to predict specific targets in neuroscience; compared with the traditional single-variable method, it has the advantage of focusing on "patterns" rather than local features and is suitable for exploring the relative importance of multiple variables (Haxby, 2012; Woo, Chang, Lindquist, & Wager, 2017) . In the present study, we used the brain connectivity state of interoceptive attention to predict the intensity of interoceptive feelings and anxiety using an MVPA method and quantified the similarities and differences between the two predictive models. An interoceptive attention task was selected to explore the specific roles that different networks play in the intensity of interoception and feelings of anxiety (Avery et al., 2014; Critchley et al., 2004; Pollatos, Schandry, Auer, & Kaufmann, 2007) . Specific functional brain networks related to interoception and anxiety were chosen based on previous studies, and the functional connectivity patterns during the interoceptive attention task were extracted. Based on the previous studies mentioned in the above paragraph, we selected five networks to perform the predictive analysis: the COTC, SN, SSM, DMN, and VAN. An MVPA method, support vector regression (SVR), was applied to model the relationship between brain connectivity patterns and subjective feelings. Based on previous studies (Baur, Hanggi, Langer, & Jancke, 2013; Chong, Ng, Lee, & Zhou, 2017; Coste & Kleinschmidt, 2016; Duval et al., 2015; Hermans et al., 2011; Sylvester et al., 2012; Uddin, 2015) , we hypothesized that the network modules that could make the greatest predictive contributions might be the modules related to the COTC, the SSM, or the SN for the intensity of interoception and modules related to the VAN, the SN or the DMN for anxiety. Through this study, the gap in the understanding of the network-level biomarkers of interoception might be filled, and the findings could provide a reference at the level of brain regions for further understanding anxiety from an interoceptive perspective. 
| MATERIALS AND METHODS

| Participants
| Interoceptive attention task
The fMRI design was modified based on the paradigm of a previous study of interoceptive attention (Avery et al., 2014; Simmons et al., 2013) . Before entering the scanner, the subjects participated in a practice procedure involving the same task as the formal experiment.
The formal experimental paradigm was presented, and rating scores were collected using E-prime (www.pstnet.com); the visual captions were projected onto a mirror over the head coil so that the subjects could see the content the experimenter was presenting. The paradigm consisted of four runs, which overlapped in content, and each run lasted 2 min 12 s. Each run contained five trials, and each trial included a stimulus presentation stage, a rating state, and a stage with a fixation point on the center of the screen (Figure 1a ). The sequence of trials presenting various conditions was constant in all runs. For the practice procedure, there was only one run, which had the same task and duration as the formal test.
The stimuli included three different conditions: an interoception condition (2 trials per run), an anxiety condition (2 trials per run), and an exteroception condition (1 trial per run). All trials were presented in the same order. The following section provides details on the conditions. The interoception condition consisted of two sub-conditions:
"heartbeat" and "respiration". During the heartbeat condition, the Chinese word meaning "heartbeat" was presented on the screen in white font against a black background; this word remained on the screen for 16 s, and during that period, the subjects were asked to focus on feeling their heartbeat. For the respiration condition, all the settings were the same except that the Chinese word was replaced by another meaning "respiration", and the subjects were instructed to focus on their respiration. After the interoception block, a visual analog scale numbered from 1 to 7 was presented, and the subjects used an MRI-compatible handheld scrolling wheel to move the cursor along the scale to rate the strength of their interoceptive feeling (1 for "did not feel any sensation", 7 for "felt extremely intense sensation"). Subjects had 4 s to provide this rating.
The anxiety condition and the exteroception condition were similar to the interoception condition. In the anxiety condition, the subjects were presented with the Chinese word meaning "anxiety" or "worry", which instructed the subjects to focus their attention on their worries about the future, and a seven-point visual analog scale was subsequently presented for subjects to rate the intensity of their anxiety, with 1 indicating "did not feel any anxiety" and 7 indicating "felt extremely intense anxiety". After exiting the scanner, subjects were asked to write down the anxious events that came to mind.
In the exteroception condition, the subjects were shown the Chinese word meaning "sound" for 16 s period and were asked to attend to the intensity of a sound (a meaningless beeping sound) they heard during this block. The loudness was 50 dB, which was consistent with the magnetic resonance noise so that the subjects needed to pay some attention to hear the sound. Following the block, the subjects were presented with a seven-point visual analog scale where 1 indicating "did not hear any sound" and 7 indicating "heard extremely intense sound."
To preventing an anticipatory effect, each run was separated by an interval (a fixation point on a black screen, its present time jittered between 2 and 16 s). For each subject, the rating sensory scores of interocpetion intensity, anxiety intensity, and exteroception intensity were averaged among all four blocks for further analysis.
| Neuroimaging acquisition
Imaging data were acquired at Southwest University Center of Brain Imaging on a 3.0-T Siemens Tim Trio scanner. We collected a T2*- In addition, a high-resolution anatomical image was obtained using a magnetization-prepared rapid gradient echo (MPRAGE) sequence after the task; this sequence was acquired with the following parameters: slices = 176; slice thickness = 1.0 mm; TR = 1900 ms; TE = 2.52 ms; TI = 900 ms; flip angle = 9 ; sampling bandwidth = 31.2 kHz; resolution matrix = 256 × 256; voxel size = 1 × 1 mm; and scan time = 4 min 58 s. These anatomical images were used for functional image paralleling and normalization.
| Preprocessing of image data
The fMRI as determined by the T1 images. As our task was a block design, we did not execute slice-timing correction (Sladky et al., 2011) . We applied a 6-mm Gaussian kernel for spatial smoothing.
| Task-dependent functional network 2.5.1 | Interested networks selection
Currently, one of the most commonly used functional templates is Power's 264 atlas (Power et al., 2011) , in which the whole-brain atlas is labeled across 264 ROIs using a graph-theoretical method. Power's 264-region atlas combined nodes defined by cognitive task meta- (Simmons et al., 2013) . In each condition, subjects saw the Chinese word that instructed subjects to focus their attention on one kind of certain feeling, and a seven-point visual analog scale would present subsequently for subjects to rate their intensity of feeling, in which 1 point indicates "did not feel any sense" and 7 indicates "feel extremely intensive sense". The report scores of interoception condition and anxiety condition were averaged within subject and used as predicting targets soon. (b) Average connectivity matrix of interested networks (Fisher-Z). (c) Nodes of interested. The nodes picked mainly include following networks: ① Cingulo-opercular task control network (COTC; 14 nodes, green); ② salience network (SN; 18 nodes, red); ③ default mode network (DMN; 58 nodes, yellow); ④ sensory somatomotor area (SSM; 35 nodes, light blue); ⑤ ventral attention network (VAN; 9 nodes, deep blue). Node selection and network division were all based on atlas of Power264 (Power et al., 2011) [Color figure can be viewed at wileyonlinelibrary.com]
The nodes we chose covered the following networks: the COTC (14 nodes), which consists mainly of the anterior cingulate cortex (ACC), medial cingulate cortex (MCC) and opercular cortex; the SN (18 nodes), which consists mainly of areas of the medial superior prefrontal cortex (mSFG), the anterior prefrontal cortex (aPFC), and the anterior insular cortex (AIn); the DMN (58 nodes), which consists mainly of the posterior cingulate cortex (PCC), medial prefrontal cortex (mPFC), precuneus and angular gyrus (AG); the SSM (35 nodes), which includes areas of the precentral gyrus (PreCG) and postcentral gyrus (PostCG); and the VAN (9 nodes), which consists mainly of the superior temporal gyrus (STG) and the inferior frontal gyrus (IFG).
The connections between and within these networks were arranged into 15 modules (5 modules for within-networks and 10 for between-networks connections). These 134 nodes were used to extract time courses from the BOLD signal.
| Functional connection construction
The connectivity analysis was performed using the CONN toolbox (Whitfieldgabrieli & Nietocastanon, 2012) , which provided the function for the task-dependent connectivity. The preprocessed EPI data were used, and denoising was performed according to the following procedure: the BOLD signals of the white matter and cerebrospinal fluid (CSF) area, the motion correction parameters from the spatial realignment step and the ART-based scrubbing parameters for every subject were regressed out as covariates of no interest. Before further analysis, a bandpass filter (0.008-0.09) was executed on the data. The bivariate correlation was calculated for each pair of nodes, and Fisher transforms were performed.
In the first-level analysis, five conditions (interoception, anxiety, exteroception, fixation point, and rating condition) were put into the design matrix. The heartbeat sub-condition and the respiration subcondition were combined to a single condition to obtain an integrated state of interoceptive attention, as Craig redefined "interoception"
and included most sensations inside the body in this concept in his review (A. D. Craig, 2003) . Before calculating the connection matrix, a canonical hemodynamic response function was convolved with each task time series (including 0 and 1), and the convolved time series were regressed out from BOLD signals for this could make the functional connectivity more stable (Fair et al., 2007) . For each condition, the BOLD signals at time points with a nonzero value in convolved time series would be retained and concatenated to calculate the condition-specific connection matrix. The connectivity matrixes of the interoception condition were used to implement further analysis. The averaged functional connectivity matrix of all subjects is displayed in Figure 1b .
| Support vector machine regression
We used the task-state functional connectivity in the interocpetion attention state of each subject as the training feature, and training regression models to predict the sensory score. Main analysis was performed using the interoception scores and anxiety scores. For making sure that the predictions were specific, the same prediction was also performed using the exteroception score.
Compared with general leave-one-out cross-validation (LOOCV), the 10-fold cross-validation technique can prevent overfitting (Ng, 1997) ; thus, a 10-fold support vector machine was used to model our data (Figure 2) . Before a predictive model was built, 122 FC matrices for the interoception condition were reshaped to feature vectors and were segmented into 10 parts. In every fold, one of the 10 parts was regarded as the test set, and the rest of the data were regarded as the training set. To control for extra variables, we averaged six motion parameters for the four interoception blocks for every subject in the training set, and these mean motion parameters were associated with their gender and age to establish a regression model of connection strength. Subsequently, the effects of these additional variables were subtracted from each connection, and the residuals were used for the next step of processing. For subjects in the test data set, the linear regression models established by the training data were applied to these data to remove covariates. Then, the training data were standardized by subtracting the mean and dividing by the standard deviation; the means and the standard deviations of the training set were used to standardize the data of the test set later. We chose an epsilon-SVR with a linear kernel to build a regression prediction model for the normalized data and the subjective rating scores from the training data; we chose this model to test data to determine predictive value. This procedure was carried out 10 times until each of the 10 parts had been used both to train the model and to test the model.
To quantify the effect of the prediction, we calculated the Pearson correlation coefficient between the actual rating scores and the predictive scores; we also computed the mean absolute error (MAE) of the prediction model. The weight map that was ultimately displayed was calculated basing the data of all 122 subjects.
To verify the validity of the model and to select meaningful features from all edges, we performed a 1,000-fold permutation test for the network-selecting prediction (Ung et al., 2014; Wang, Shen, Tang, Zang, & Hu, 2012) . The selected significant edges are displayed in Figure 3 .
In order to ensure that our hypothesis-based feature selection was effective and could achieve batter prediction effect that local subnetworks cannot reach, predictions using the FC of 15 individual modules and whole-brain FC calculated by 264 nodes were also performed separately. 3.2 | Quantification of similarity between weight maps of interoception and anxiety
| Similarity of all five functional networks
The similarity between the two prediction models was quantified by adopting a similar approach to that used by Finn et al. (2015) ; the approach was used to quantify the edgewise contributions to identification in that study. In both weight maps, the weight values corresponding to each connection were treated as a variable, and bivariate correlations were computed.
The correlation coefficient between the weight maps of the interoception prediction model and those of the anxiety prediction model was significant (r = 0.262, p < 0.0001, see Figure 4a ).
| Similarity of each network module
Given two sets of weight matrices, W inter and W anxiety , we computed their corresponding weightwise product vector Φ:
where e represents edge and M is the total number of weights of our individual module of interest. Every factor in Φ can be thought of as a quantization of the contribution of similarity. For a particular module A, we calculated its similarity between two weight maps by finding the mean value of the factors in Φ corresponding to the weight in the module:
where i represents the weight of module A and N represents the total number of weights in module A. We calculated all φ values in all 15 modules, and we found that the COTC provided the most significant contribution to similarity; meanwhile, the SN and VAN had the lowest similarity between the two predictions (see Figure 4b) .
FIGURE 2 SVR prediction procedure. A 10-folds support vector machine was used to model data. About 122 FC matrix of interoception condition were reshaped to feature vectors and segmented into 10 parts. Six motion parameters in four interoception blocks, gender, and age were regressed out. Training data was standardized by subtracting the mean and dividing by the standard deviation; the mean and standard deviation of training set would be used to standardize the data of test set. Subjective rating scores from training data, and applied this model to test data to work out a predictive value. This product would be carried out repeatedly for 10 times until every part of 10 both had been training set and had been tested. To quantify the effect of prediction, the Pearson r and mean absolute error (MAE) of the prediction model were computed
| Overlap of significant edges for interoception and anxiety
The significant edges in the 1,000-permutation test (p < 0.01) were selected for further analysis. The overlap between the significant edges of the two predictions, which can be thought of as a common neural basis for two kinds of psychological activity, was determined 
| Quantification of relative importance
To quantify the relative importance of each module, we calculated the absolute value of each weight and took the average within each module. Then, we ranked all of the modules (Schrouff et al., 2013) . For the interoception prediction, the most important areas were the COTC, VAN-SSM, and COTC-SSM ( Figure 5a,c) ; for the anxiety prediction, the most important areas were the SN-SSM, DMN-VAN, and COTC-SN (Figure 5b,c) . The weights were more extreme across the modules in the interoception prediction than in the anxiety prediction. It is important to note the absolute value of weight is merely a relative measurement of the importance of each module because there is still no good way to quantify the complex interaction between predictive and predicted variables in current MVPA studies.
| DISCUSSION
The present study explored the biological markers of individual interoceptive intensity and anxious feeling during a state of focused interoceptive attention. Our results showed that the connectivity mode involved in interoceptive attention could effectively predict interoceptive intensity and anxiety and that the two prediction models were significantly similar at the macroscopic level, in which the COTC contributed the most to similarity. For the interoception intensity score, the COTC, VAN-SSM, and COTC-SSM were the three most important connectivity modules; for the feeling of anxiety, the three most important were the SN-SSM, DMN-VAN, and COTC-SN. In the overlapping edge analysis, we found four edges to be essential biomarkers that might support both 
| Multivariate method, task-state network, and distributed representation of emotional and somatic feelings
With the advancement of neuroscience, contemporary emotion theories have increasingly advocated the idea that emotions are not subserved by a single region of brain but rather involve synergy among multiple brain regions and multiple functional networks (Bush, Inman, Hamann, Kilts, & James, 2017; Kragel & LaBar, 2016; Pessoa, 2017) . In studies of anxiety, there is a great deal of evidence supporting that attentional bias (Barry, Vervliet, & Hermans, 2015; Goodwin, Yiend, & Hirsch, 2017; Heeren, Mogoase, Philippot, & McNally, 2015; Pergamin-Hight, Naim, Bakermans-Kranenburg, van, & Bar-Haim, 2015) , memory (Bannerman et al., 2014; Mitte, 2008) , somatosensory functions or interoception (Anderson & Hope, 2009; Gupta, 2013; Paulus & Stein, 2010; Stern, 2014; Yoris et al., 2015) , and emotional regulation strategies (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Amstadter, 2008; Cisler, Olatunji, Feldner, & Forsyth, 2010) are supported by systems that span multiple functional networks.
In addition, interoception is generally considered to constitute the basic material of emotions and involves various functional networks (Kleckner et al., 2017) . Hence, it is difficult to study the relationship between interoception and psychological phenomena, such as anxiety, when focusing only on the interactive effects of single brain regions.
Compared with previous univariate methods (such as general linear models, or GLMs), MVPA has special advantages: it is more sensitive to the detection of distributed modes (Haxby, 2012; Mahmoudi, Takerkart, Regragui, Boussaoud, & Brovelli, 2012; Woo et al., 2017) , which makes it very useful for studies focused on quantitative biomarkers distributed throughout multiple regions or multiple networks. MVPA-based prediction models linking task-based brain pattern to different feelings and behaviors are also expected to be useful, just like the neurologic pain signature (NPS) model that has been identified and applied in pain research (Krishnan et al., 2016; Wager et al., 2013) .
In the present study, task-evoked functional connectivity, rather than the traditionally used resting-state connectivity, was used to predict individual differences in interoception and anxiety. For the past few years, task-FC has been increasingly used in fMRI studies (Cole et al., 2013; Gonzalez-Castillo & Bandettini, 2017) , and there has also been some discussion regarding its advantages and characteristics (Arbabshirani, Havlicek, Kiehl, Pearlson, & Calhoun, 2013; Cisler, Bush, & Steele, 2014) . In their explorative work, Finn et al. (2017) suggested that in the study of individual differences, other brain states evoked by certain tasks might highlight meaningful variability across subjects and facilitate the identification of biomarkers that could barely be measured during resting-state conditions. In the field of interoception, Kuehn et al. found that, specifically in the state of interoceptive awareness, the connectivity between the insula and other cortical regions (such as the orbitofrontal cortex) was elevated in individuals with high interoceptive awareness and that this effect did not appear in the resting-state condition (Kuehn et al., 2016) . Based on these reasons, we hypothesize that FC during an interoceptive awareness state might consist of more biomarkers of bodily feelings and be more meaningful for prediction than resting-state FC would be. 
| Common mechanism of interoceptive intensity and anxiety: Body attention
In general, the COTC plays an essential role in task-level control, focal attention, and top-down regulation of emotional responses (Coste & Kleinschmidt, 2016; Dosenbach, Fair, Cohen, Schlaggar, & Petersen, 2008 ; Nelson et al., 2010; Sadaghiani & D'Esposito, 2015) , which might imply that in the interoceptive attention task of the present study, the attentional control of the COTC plays approximately equal roles in interoception and the experience of anxiety. In contrast to the SN, which has a close relationship to more concrete body feelings, the bodily representation in COTC has been considered more abstract and integrated a variety of sensory information (Fedorenko, Duncan, & Kanwisher, 2013) . Based on the COTC's role in attention and in the association between interoception and anxiety, the connectivity within the COTC might represent an excessive attention to interoceptive information, and abnormal patterns in these areas might cause an individual's bodily signal to be unreasonably amplified and feel more anxious.
We found the following four overlapping edges between the is generally considered to be task negative and is associated with rumination and self-referential processing that is insensitive to external stimuli (Raichle, 2015) . The negative correlations among the DMN, the interoceptive cortex and the somatosensory cortex might represent some sort of inner attentional processing, in which the DMN is inhibited by enhancing the feeling of signals inside the body, similar to the process in exteroception (Farb, Segal, & Anderson, 2013; Pollatos et al., 2007) . It has been reported that, in the resting state, the connectivity of the SN-DMN is associated with emotional awareness (Smith et al., 2017) . The covariation between the SN and VAN might also represent some form of bodily attention, which might increase the vulnerability to anxiety-related emotions by increasing the probability of perceiving salient stimuli and generating negative interpretations of bodily symptoms (Domschke, Stevens, Pfleiderer, & Gerlach, 2010) . These overlapping edges might suggest that, in interoception and anxiety, arousal from bodily signals and mutual inhibition between regions in charge of awareness and ruminating thought could both be essential.
| Key biomarkers of interoception intensity
In the comparison between the key biomarkers of interoception and anxiety, the results suggested that the intensity of interoception might be chiefly related to top-down processing of interoceptive and somatic information, while anxiety might be chiefly related to bottomup processing in interoceptive attention tasks.
For interoception, the mean weight of the connections within the COTC was significantly higher than that of other regions. In
Power's atlas, the COTC consisted mainly of the bilateral insular cortex, MCC, MFG, SFG and claustrum, where the middle insular cortex (MIn) has always traditionally been thought of as the "interoceptive cortex" (Critchley, 2004; Kleckner et al., 2017) ; thus, it is reasonable that the interoceptive score was closely related to the activity of the COTC. Given the COTC's role in top-down control and in maintaining alertness in multiple tasks (Coste & Kleinschmidt, 2016; Dosenbach et al., 2008; Sestieri, Corbetta, Spadone, Romani, & Shulman, 2014; Wallis, Stokes, Cousijn, Woolrich, & Nobre, 2015) , the importance of the COTC might suggest that subjective efforts to maintain interoceptive attention have an especially large impact on the internal perception of intensity.
The internetwork connection module between the SSM and other networks (VAN-SSM, COTC-SSM, SSM, and SN-SSM) should also be paid attention to, as it might suggest that the processing of physical movements associated with internal sensations (such as of the tactile signals from the chest in breathing or heart pulsating) could be helpful in the processing of relatively low-resolution interoceptive senses Khalsa, Rudrauf, Feinstein, & Tranel, 2009) , which is also supported by studies of meditation and mindfulness (Kerr et al., 2016; Tang, 2017) . In addition, the posterior insula is known to have robust connectivity with somatomotor areas (A. D. Craig, 2003; Kurth, Zilles, Fox, Laird, & Eickhoff, 2010) . Generally, the SN is related to subjective awareness and somatic arousal (A. D. B. Craig, 2009; Menon & Uddin, 2010; Sedeno et al., 2014; Simmons et al., 2013) . That the greatest weight of covariation was between the SN and the SSM might suggest the primary influence of somatic arousal on anxiety. In studies of anxiety and anxiety disorder, increased attention toward somatic symptoms was frequently reported (Anderson & Hope, 2009; Gupta, 2013; Hassan & Ali, 2011) . Stern (2014) suggested that the link between anxiety and interoception might be a result of attentional bias toward bodily sensations in the absence of actual physical differences. In a more recent review, the author also mentioned that the increased attentional bias toward potential threats might result in failure to assess the significance of the stimulus, which might lead to anxiety (Duquette, 2017) . Combined with the results of the present study, this idea could suggest that bodily attention plays an essential role in the experience of anxiety.
| Key biomarkers of the feeling of anxiety
It is worth noting that the VAN played a vital role in anxiety prediction: the connectivity between the VAN and other regions accounted for a considerable portion of the weight. The VAN is typically considered a stimulus-driven attention system that is recruited in response to unexpected events, and it plays a role in filtering stimuli (Corbetta & Shulman, 2002; Vossel, Geng, & Fink, 2014) . There are many theories that consider attentional bias toward potential threats from inside and outside the body to be the core of the anxiety model (Barry et al., 2015; Goodwin et al., 2017; Heeren et al., 2015) . Empirical research has also shown that anxiety is often associated with the bias of stimulus-driven attention toward nonemotional stimuli (Kurth et al., 2010; Pacheco-Unguetti, Acosta, Callejas, & Lupiáñez, 2010) and emotional stimuli (Bishop, Jenkins, & Lawrence, 2007) , which was corroborated by studies of attentional bias modification (ABM) and meditation treatment of anxiety that focus on altering the dysfunctional attentional bias toward potential threats (such as interoceptive information about physical health; Barry et al., 2015; Daubenmier, Sze, Kerr, Kemeny, & Mehling, 2013; Pergamin-Hight et al., 2015) . Hyperactivity of the VAN in anxious individuals has also been reported. In individuals with SP, the ventrolateral prefrontal cortex (vlPFC), a component of the VAN, was found to be hyperactive when the individuals were suddenly exposed to a salient stimulus, and the degree of activation in the vlPFC when these people were asked to perform a difficult task was positively correlated with anxiety (Koric et al., 2012) . vlPFC hyperactivity was also reported in adolescents who had high levels of trait anxiety (Telzer et al., 2008) . Based on these studies and on the relationship between anxiety and somatic arousal mentioned above, the substantial weight of the connectivity between the VAN and other networks in anxiety prediction might imply that the overall attention state (which could receive a flow of information from interoceptive body circuits and other regions) plays a significant role in anxious feelings. Relative to the SN, SSM, and VAN, the COTC was not very prominent in anxiety, perhaps because it is involved in bottom-up rather than top-down attention, the latter of which was more significant for feelings of anxiety.
| Limitation
There were some limitations to this research. First, the interpretation of the prediction model is a general problem for all machine learning studies; it should be noted that weight, the index we chose in the present study to measure the importance in prediction, is just a relative measurement, as there is still no good way to quantify the complex interaction between predictive and predicted variables. Besides, the regional connectivity (SN-DMN) could also predicted exteroception intensity significantly, which might suggest that the prediction was lack of specificity. However, on the level of selected networks and the whole brain, the predictions still showed specificity; in addition, the SN-DMN module itself had the low predictive ability under the predictions of interoception and anxiety, so we think this result does not mean that our prediction is not specific. Finally, the anxiety level indicators we measured were subjective reports, which is unsynchronized and averaged over all the blocks. However, a structured questionnaire or objective indicators responding to activation of the hypothalamicpituitary-adrenal (HPA) axis, such as skin conductance response (SCR), might more accurately reflect anxiety levels of long term and short term. Future research should be carried out on larger samples and should use more rigorous approaches to verify the effectiveness of the results.
| CONCLUSION
In summary, the present study demonstrated that, in a state of focusing on the inner signals of the body, although the intensity of interoception and anxiety had similar prediction weight distributions at the macroscopic level (in which the COTC made the greatest contribution), they also had different biomarkers: for the interoception intensity ratings, the COTC was the most significant network; for anxiety, the SN-SSM played the most important role. Analysis of the overlapping edges suggested that the common mechanism between interoception and anxiety might be related to the mutual inhibition of the DMN by other networks and that the activity of the SN and 
